Background: The technical development of digital processing allows the production of anatomi-
| INTRODUCTION
In industrial processing, benefits of computerized engineering technology are associated with simplified fabrication procedures, high precision, and minimized manpower. 1, 2 These advantages favor the digital workflow for quality, accuracy, and cost effective implementation compared to a conventional approach without digitized applications in dental medicine. 3, 4 The necessary step for digitization is to virtualize the individual patient situation-programmed in a binary code out of zeros & one's. 5 The 3D implant position can immediately be captured with a contact-free digital transfer in the oral cavity using an intraoral optical scanner (IOS). 6 The generated scanning data is stored as Standard Tessellation Language (STL) file. 7 STL-files describe any surface geometry of 3D objects by triangulation and can be used for computer-aided design/computer-aided manufacturing (CAD/CAM) processing in a complete digital workflow. The clinical indication for IOS is mainly focused on single or shortspan units in the field of fixed prosthodontics. 9 In this context, IOS allows a simplified quadrant-like scan of the restorative site, the antagonists as well as occlusal registration using one operational chair-side step. 10 Laboratory trials revealed comparable accuracy, defined as precision 1 trueness, between classical impression procedures and current commercially available IOS devices for dentate full-arches. 11, 12 These tests mainly evaluated dentate model situations, not implant prosthodontics. The findings demonstrated a strong dependency on the specific IOS system and its technical properties, 13 the fit of the implantspecific scanbody 15 and the operator's skill and learning curve. 16, 17 The treatment concept with tooth-bourne fully contoured reconstructions is an established and proven protocol in restorative dentistry. 18 21, 22 In the same way implant prosthodontic protocols benefit from digital workflows including CAD/CAM-technology. 23 Therefore, the combination of monolithic CAD/CAM-materials fixed to prefabricated abutment components offers a simplified workflow for the treatment with screw-retained implant restorations, especially for the replacement of single-tooth gaps in the posterior region. 24 Demanding laboratory work steps are shortened and the material-specific advantages ensured due to standardized fabrication quality. 25 Initial laboratory investigations have demonstrated promising mechanical results for monolithic implant crowns luted to titanium bonding base abutments.
The findings of these in vitro tests revealed constantly high values for stiffness and strength under quasistatic loading. 26, 27 Only limited clinical data related to implant-supported LS2 crowns, is presently available in the scientific literature. Therefore, the objective First, the interproximal fit, and secondary, the marginal integrity of the restorations was clinically assessed. Identical continuity with dental floss was separately controlled for mesial and distal contact surfaces.
Next, the occlusal scheme was checked statically and dynamically with shimstock foil achieving light occlusal contacts without dynamic interactions. The monolithic LS2 restorations were screwed with a controlled torque of 35 N cm according to the implant provider's recommendations. The screw access hole was sealed with teflon and composite application.
| Follow-up
All patients were included for follow-up with annual examinations and additional enrollment in a dental hygienist recall program every 6-12 mo. Clinical assessments were made to record probing pocket depths (PPD), bleeding on probing (BoP) and a full-mouth plaque index (PI) during every follow-up visit. Intraoral radiographic examinations were performed immediately after seating of the implant crowns and after 2 years of observation ( Figure 4 ).
In addition, the "Functional Implant Prosthodontic Score" (FIPS) was applied at the time of the 2-year follow-up examination. 18 According to the definition of the previously published scoring protocol of FIPS, 5 variables ("interproximal"-"occlusion"-"design"-"mucosa"-"bone") were used for clinical and radiographic evaluation. A scoring scheme of 0-1-2 was assigned for each variable, resulting in a maximum score of 10 (5 3 2) per implant restoration. 28 The variables "interproximal," "occlusions," and "design" are scored in major discrepancy (score 0), minor discrepancy (score 1), and no discrepancy (score 2). The "interproximal" variable is assessed for mesial and distal contact areas. The implant crown is clinically controlled for identical continuity with dental floss toward the adjacent dentition.
Moreover, the papillary conditions are inspected for presence and appearance as indicator for the cleanability and risk for food impaction. Table 1 . The mean total FIPS score for the included 50 monolithic LS2 crowns was 7.7 6 1.0 (range: 6-10). In detail, all implants revealed stable bone levels for mesial and distal sites in the radiographic analysis ("bone": 2.06 0.0; range: 2-2). Slightly lower mean scores were recorded for "interproximal" (1.8 6 0.4; range: 1-2)
and "occlusion" (1.7 6 0.4; range: 1-2); whereas mean scores for "mucosa" (1.2 6 0.4; range: 1-2) and "design" (1.0 6 0.5; range: 0-2)
were the most challenging to satisfy. [Tab. 1]
| DISCUSSION
It is of immense interest to expand the advantageous treatment concepts of fixed implant prosthodontics to a broader patient population. This is only possible if the clinical treatment time and the technical production process can be reduced to achieve a reasonable cost-benefit ratio in combination with high quality and precision of the final implant restoration. 29, 30 Today, different ways of fabrication are applicable for the treatment with implant-supported fixed dental prostheses: a purely conventional or a mixed conventional-digital approach, using a technical concept of framework plus veneering technique; and in contrast, design and construction of anatomically full-contoured restorations. 1, 31, 32 For implant-supported single-unit restorations the overall treatment, starting clinically with IOS and following digital designing without any physical models, is simplified by having the option of connecting monolithic crowns to pre-fabricated abutments. 10 Then, this workflow can really be named "digital" within a complete setting of bits & bytes. 33 Demanding laboratory work steps are streamlined and the material-specific advantages are ensured due to standardized fabrication quality. 34 The quality of the (prosthodontic) treatment is strongly dependent on the specific digitized protocol and used systems such as the IOS device including further processing of the gathered data. 11, 14 Moreover, the entire team of clinicians and technicians has to be trained and be familiar with the different applications and software solutions. with higher strength than the average occlusal force of naturally dentate patients. These trials did not observe any loosening of the bonding connection between the titanium abutment and the restorative materials, neither for the hybrid ceramic, nor for LS2. 26, 27 Only a limited number of clinical studies investigating monolithic implant restorations are available. The findings of an initial case series revealed that fully anatomic implant crowns out of resin nano ceramic (Lava Ultimate Restorative, 3M Espe, Neuss, Germany) seem to be a feasible treatment option with a reasonable cost-benefit-ratio using a complete digital approach. However, the used monolithic restorative material showed a slightly greyish appearance, especially in the cervical area at the transition to the supra-implant mucosa. 35 The overall fit of the CAD/CAM-processed restorations was extremely accurate in the presented prospective cohort study. No chairside corrections were necessary for seating of the finalized restorations within the presented digitized treatment protocol. This reduces work time 34, 36 but also decreases the potential risk for chipping due to the lack of veneering ceramics and untouched surfaces of the restorations. 37 After mid-term follow-up of 2 years of prosthodontic loading, no technical or biological complications were observed. All 50 monolithic LS2 implant restorations demonstrated stable radiographically assessed bone levels.
In this context, it has to be stated that no long-term data are available about the performance of monolithic LS2 implant restorations.
The Overall, further clinical research is compellingly necessary to investigate the long-term behavior of monolithic LS2 implant restorations.
